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Segmentation

50 far we have been putting the entire address space of each process in
memory. With the base and bounds registers, the O5 can easily relocate
processes to different parts of physical memory. However, you might
have noticed something interesting about these address spaces of ours:
there is a big chunk of “free” space right in the middle, between the stack
and the heap.

As you can imagine from Figure 16.1, although the space between the
stack and heap is not being used by the process, it is still taking up phys-
ical memory when we relocate the entire address space somewhere in
physical memory; thus, the simple approach of using a base and bounds
register pair to virtualize memory is wasteful. It also makes it quite hard
to run a program when the entire address space doesn't fit into memory;
thus, base and bounds is not as flexible as we would like. And thus:

THE CrRUX: HOw TO SUPPORT A LARGE ADDRESS SPACE
How do we support a large address space with (potentially) a lot of
free space between the stack and the heap? Note that in our examples,
with tiny (pretend) address spaces, the waste doesn’t seem too bad. Imag-
ine, however, a 32-bit address space (4 GB in size); a typical program will
only use megabytes of memory, but still would demand that the entire
address space be resident in memory.

Segmentation: Generalized Base/Bounds

To solve this problem, an idea was born, and it is called segmenta-
tion. It is quite an old idea, going at least as far back as the very early
1960°s [H61, G62]. The idea is simple: instead of having just one base
and bounds pair in our MMU, why not have a base and bounds pair per
logical segment of the address space? A segment is just a contiguous
portion of the address space of a particular length, and in our canonical
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Figure 16.1: An Address Space (Again)

address space, we have three logically-different se
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gments: code, stack,

and heap. What segmentation allows the O5 to do is to place each one
of those segments in different parts of physical memory, and thus avoid
filling physical memory with unused virtual address space.

Let's look at an example. Assume we want to place the address space
from Figure 16.1 into physical memory. With a base and bounds pair per
segment, we can place each segment independently in physical memory.
For example, see Figure 16.2; there you see a 64KEB physical memory with
those three segments within it (and 16KB reserved for the O5).
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Figure 16.2: Placing Segments In Physical Memory

As you can see in the diagram, only used memory is allocated space
in physical memory, and thus large address spaces with large amounts of
unused address space (which we sometimes call sparse address spaces)
can be accommodated.

The hardware structure in our MMU required to support segmenta-
tion is just what you'd expect: in this case, a set of three base and bounds
register pairs. Table 16.1 below shows the register values for the example
above; each bounds register holds the size of a segment.

Segpment  Base  Size
Code 32K 2K
Heap 34K 2K
Stack 28K 2K

Table 16.1: Segment Register Values

You can see from the table that the code segment is placed at physical
address 32KB and has a size of 2KB and the heap segment is placed at
KB and also has a size of 2KB.

Let’s do an example translation, using the address space in Figure 16.1.
Assume a reference is made to virtual address 100 (which is in the code
segment). When the reference takes place (say, on an instruction fetch),
the hardware will add the base value to the offset into this segment (100 in
this case) to arrive at the desired physical address: 100 + 32KB, or 32868.
It will then check that the address is within bounds (100 is less than 2KB),
find that it is, and issue the reference to physical memory address 32868,
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